Abstract: Nucleotide sequences of a subregion of the mitochondrial 16S ribosomal RNA gene of 10 species of a blackfly subgenus Simulium (Nevermannia), which include four species of feuerbornispecies-group, two species of ruficorne species-group, three species of vernum species-group and an ungrouped species (S. konoi), were determined. Phylogenetic analyses of the sequences of the Nevermannia species and other species of related subgenera of Simulium s.l. showed that the feuerborni and vernum species-groups were closely related, but the ruficorne species-group and S. konoi were not. Variations between the ruficorne species-group and other Nevermannia species were larger than those between Nevermannia species (excluding the ruficorne species-group) and other subgenera species. These molecular data suggest that revision of the definition of the subgenus Nevermannia is needed.
INTRODUCTION
A blackfly subgenus Simulium (Nevermannia) is distributed worldwide. In Asia, there are 3 species-groups (i.e.
feuerborni, ruficorne and vernum species-group), and some ungrouped species (Crosskey and Howard, 1997) . To investigate the relationship within subgenus Nevermannia species and between subgenus Nevermannia and other subgenera, we analyzed sequence variations in a subregion of the mitochondrial 16S ribosomal RNA (rRNA) gene of 10 species of subgenus Nevermannia and related species. 
MATERIALS AND METHODS

Materials
RESULTS
We determined the mitochondrial 16S rRNA region of 10 Nevermannia species including three species-groups (feuerborni, ruficorne, vernum) and an ungrouped species (S. konoi Takahasi), five species of other subgenera and Prosimulium kiotoense Shiraki, and aligned (Fig. 1) . All of the Nevermannia species had 516 bases in this region. As for the five species (S. feuerborni Edwards, S. mie Ogata and Sasa, S. aureohirtum Brunetti, S. subcostatum Takahasi, S. uchidai Takahasi), we determined the sequences of two or three samples from different localities. S. subcostatum and S. uchidai did not have any intraspecific variations, but S. feuerborni, S. mie and S. aureohirtum had. These intraspecific variations were not larger than the interspecific variations.
To study relationships between Nevermannia species and between Nevermannia and other subgenera, a neighborjoining tree was constructed based on the estimated d values (the number of the nucleotide substitutions per site) between each pair of the samples (Fig. 2) . P. kiotoense was used as an outgroup. The three species-groups of Nevermannia were separated into different clusters with high bootstrap probabilities. The feuerborni and vernum speciesgroups were clustered, but the ruficorne species-group was placed in a distinct cluster. One of the objectives of this study was to determine the relationship of the ungrouped species, S. konoi, to the known species-groups. But S. konoi was not related to any species-groups of Nevermannia in the tree. Table 2 summarizes the average d values among species-groups of Nevermannia and other subgenera. The average d values between the ruficorne species-group and the other species-groups of Nevermannia were higher than those between the species-groups (without the ruficorne species-group of Nevermannia) and other subgenera, and were approximately the same level as those between the ruficorne species-group and other subgenera.
DISCUSSION
Our phylogenetic analyses of subgenus Nevermannia based on the mitochondrial 16S rRNA gene sequences showed that the feuerborni and vernum species-groups were closely related, but the ruficorne species-group and the ungrouped species, S. konoi, were not. The ruficorne species-group was largely divided from other Nevermannia species and other subgenus species. The ruficorne species- group and the ungrouped species, S. konoi, have morphological characters which depart from the other species of Nevermannia. One of such characters in the ruficorne species-group is the male genitalia with ventral plate with a distinct median keel (Crosskey, 1969) . On the other hand, S. konoi has a female adult cibarium with a distinctive armature consisting of several oblique rows of denticles on each side (Bentinck, 1955) ; its larval antennae have a few unpigmented annulations on the second segment (unpublished data). These molecular and morphological data taken into consideration, revision of the definition of the subgenus Nevermannia may be needed. Figure 2 The neighbor-joining tree of the mitochondrial 16S rRNA region for the 16 species. Numbers on the nodes indicate probabilities based on 1,000 bootstrap replicates. The probability of more than 50% is shown. Branch lengths are proportional to genetic distance (scale bar). 
